This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



IXM'ective images within ihis document are accurate representations of 
the original documents submitted by the applicant. 

Delects in the images may include (but are not limited to): 

• BLACK BOR.DE RS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



JUL-26-2004 12=41 



TORYS LLP TORONTO 



416 865 7380 P. 



(13) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
27 June 2002 (27.06.2002) 




PCT 



1 oiii Diuiii u iijiii iiiij till 1 d m niu nra iini uni bii rmiy mi un u n 

(10) International Publication Number 

WO 02/50445 Al 



(51) Imcrnatioual Patent Classification 7 : F16D 27/1 19 

(21) Iniemorionnl Application Number; PCT/CAO 1/01808 

(22) International Filing Date; 

1 8 December 2001 (lfi.12.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
Unglish 



(30) Priority Data: 

60/257,342 20 December 2000 (20. 1 2.2000) US 

(71) Applicant (for all designated States except US): INT1ER 
AUTOMOTIVE CLOSURES INC. ICA/CAJ; 521 New- 
park Boulevard, Newmarket, Oniario I JY 4X7 (CA). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): MAJEWSKI, Jan 
(AU/CA); 60 Underbill Drive, Apt. 1 09, Noilll Yurk, 
Ontario M3A 237 (CA). 

(74) AfcCut: IMAI, Jeffrey, T.; Magna International Inc., 337 
Magna Drive, Aurora, Ontario L^G 7KI (CA). 



(81) Designated States (national): AE, AO, AL, AM, AT, AU. 
AZ, 8A, BB, BO, BR, BY, BZ, CA, CH. CN, CO, CR, CU, 
CZ, DC, DK, DM, DZ. EE, OS, PI, GB, GD, GE, GH, GM, 
MR. HU, ID, IL, IN, IS, m KE, KG. KP, KR, KZ, LC LK. 
LK. LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, FT* PT, RO, RU, SO. SE, SG, ST, SK, SL, 
TJ, TM, TR, 1T, T/. (JA, UG, US, UZ, VN, YU, ZA. ZW. 

($<J) Designated States (regional): AIUIK) parent (Gil, GM, 
KE, US, MW, MZ, SD. SL. SZ, TZ, I/O, ZM, ZW). 
Hurasian patent (AM, AZ, BY, KG, KZ. MD. RU, TJ, TM), 
European patent (AT, BE, CU. CY, DE, DK, ES, PI, FR. 
GJ*, OR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patcm 
(BF, BJ, CF, CG, CI, CM, OA, GN, GQ, GW, ML, MR, 
NB, SN, TD, TG). 

Published: 

— wifh international search report 

— before the expiration of ike time limit for amending the 
Claims and to be republished in the event of receipt of 
amendments 

for rwo~letter Codes and ot/ter abbreviations, refer to the "Guid- 
ance Notes ofi Codes and Abbreviations 0 appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



== (54) Title: ViLKCTRO-MAGNETIC CLUTCH HaVTNG AXIALLY MOVING COfL 



in 

O 

r? 
O 




(57) Abstract: An clccfc-cmagnctic clutch assembly (10) has a housing (1 2. 14) and a shaft ( 10) totaiubly supposed by the housing 
Ai least one ond of the shaft extends oat of iho housiag. A clutch plate (22) is mounted on the shaft (16) for ruiation therewith An 
armature plate (20) is mounted in the housing (12, 14). A gear (24) is rotaiablc and slid ably mounted on the shafi (26). A spring 
assembly (88, 89) extends between the clutch plate (22) and iha gear (24) to bias the gear (24) out of engagement with the clutch 
Plate (22). A coil assembly (18) is mocnted on the shaft (16) for sliding movement thereakmg. The coil assembly (18) engages ihe 
gear (34), Enei£i&ng the coil assembly moves the u»l axsombly ( 18) into engagement with the armature plaic (20) and respoiuivcly 
effects movement of the gear (24) into engagement with the clutch plate (22), coupling the gear (24) and Iho clutch plate (2*>) 
De-cocnpzing the coil assembly ( 1 8) responsibly enables (he spring assembly (8S, 89) to cflcci movement of the gear (24) out of 
engagement wiUi die clutch plate (22), de-coupling the gear (24) and Ihe clutch plate (22). 
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Electro-Magnetic Bi-Directional Toothed Clutch Having Axinlly Moving Coll 
Field of Invention 

This invention relates to an electromagnetic clutch. In particular, this invention 
relates to an improved electromagnetic clutch having a moving coil, that improves the 
5 magnetic efficiency of the clutch. 

Background of Invention 

In WO 00/33445, a power actuator having an electromagnetic clutch assembly 
is described. This particular assembly has applications in releasing and cinching power 
1 0 latches for iiftgates and power sliding doors found on minivans. Although the 

electromagnetic clutch improves the selective power engagement between the motor- 
and the door latch, even greater improvements in efficiency are available. 

Summary of Invention 

1 5 The disadvantages of the prior art may be overcome by providing an 

electromagnetic clutch assembly having a moving coil. 

According to one aspect of the invention, there is provided an electromagnetic 
clutch assembly having a housing and a shaft rotatably supported by the housing. At 
least one end of the shaft extends out of the housing. A clutch plate is mounted on the 

20 shaft for rotation therewith. An armature plate is mounted in the housing. A gear is 
rotatable and slidably mounted on the shaft. A spring extends between the clutch plate 
and the gear to bias the gear out of engagement with the clutch plate. A coil assembly 
is mounted on the shaft for sliding movement thereaiong. The coil assembly engages 
the gear. Energizing the coil assembly moves the coil assembly into engagement with 

25 the armature plate and responsively effects movement of the gear into engagement with 
the clutch plate, coupling the gear and the clutch plate. De-energizing the coil assembly 
responsively enables the spring to effect movement of the gear out of engagement with 
the clutch plate, de-coupling the gear and the clutch plate. 

30 

Description of the Drawings 
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In drawings which illustrate embodiments of the preferred embodiment of the 
present invention, 

FIG. 1 is a cross-sectional view of the electromagnetic clutch assembly of the 
present invention; and 
5 PIG. 2 is a graphical illustration of the relationship between spring force, 

magnetic force and gap distance, 

Description of the Preferred Embodiment of the Present Invention 

Referring to Figure 1, there is illustrated an electromagnetic clutch assembly 
10 10 of the present invention. The clutch assembly generally comprises a housing, 

including a basel2 and a cover 14, an output shaft 16, a coil assembly 1 8, an armature 
plate 20, a clutch plate 22 and an input gear 24. 

The base 12 of the housing is cup-shaped. The inner wall of the base 12 has a 
key 26 that extends radially. The inner wall has a shoulder 28 extending about the 
15 circumferential extent of the base 12 and spaced axially from the lip 30, Lip 30 has an 
axially extending protuberance 32. The bottom of base 12 has an axially extending 
annular stop 34 which preferably extends about a stepped aperture 36. 

The cover 14 of the housing is also cup-shaped and sized to complementarity 
fit with base 12. The lip 38 of cover 14 has a circiuaiferentially extending groove that is- 
20 sized to receive the protuberance 32 of base 12 to seal and secure the base 12 and cover 
14 together . Cover 14 has an axially extending boss 42 having a central aperture 44. 
A sleeve 46 is fitted within the aperture 44. Set screw 48 threadingty engages the 
sleeve 46 for travel in the axial directioa 

Output shaft 16 has a gear 50 at one end and D-type flats at an opposite end 
25 enabling torque transfer. Adjacent the gear 50 and mounted on the shaft 16 is a bearing 
collar 52. Bearing collar 52 complementarily fits within the bottom of base 12 in the 
stepped aperture 36. Bearing collar 52 journal mounts one end of the shaft 16. Shaft 
1 6 has a groove 54 that receives collet or retaining ring 56 which positions the gear 
shaft 16 in the bearing 52. A bearing cap 58 is sized to slidingly fit within the inner 
30 diameter of boss 42, Bearing cap has an axial recess for receiving end 60 of shaft 16 
and supporting the shaft 1 6 for rotation. 

Coil assembly 1 $ is generally doughnut shaped and comprises a core and 
winding. Coil assembly 1 8 has a central aperture that is sized to slidingly fit along 

2 
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shaft 16. Coil assembly 1 8 has an outer diameter sized to fit within and spaced from 
the inner wall diameter of base 12. A keyway 62 engages with the key 26 of base 12 to 
limit the movement of the coil assembly 1 8 to an axial reciprocating movement The 
core of the coil assembly 18 has an annular groove 64 that is sized and positioned such 

5 that inner surface 66 has the same surface area as outer surface 68. Groove 64 receives 
an electromagnetic coil. Coil assembly 1 8 has an axial recess that receives ring bearing 
70. The outer diameter of ring bearing 70 is less than the inner diameter of the axial 
recess. Preferably, the base 67 of the coil assembly 1 8 has a tapered thickness that 
decreases as the radius increases* 

l o Armature plate 20 is a circular disc having an inner flange 72 and an outer 

flange 74 that the inner periphery and outer periphery of the coil assembly slide 
relative thereto. The inner flange 72 and the outer flange 74 have a radial clearance 
with the inner and outer peripheries of the coil assembly 1 8, respectively, in the order 
of about 0.05 to 0.2 mm. Flanges 72 and 74 have an axial length greater than the 

1 5 sliding distance of the input gear 24 between engaged and disengaged positions. 

Flanges 72 and 74 increase or amplify armature plate 20 to coil assembly 1 8 pull force. 

Armature plate 20 has a central tapered bore 76. The outer periphery of the 
armature plate 20 engages shoulder 28 of base 12 and fixed thereto. Armature plate 20 
has a tapered thickness that decreases as the radius increases. 

20 The base 67 of the core of the coil assembly 1 8 and the armature plate 20 are 

preferably tapered so that the magnetic flux density is maintained relatively constant. 

Clutch plate 22 has a central hub 78 having a double-D type hole for 
complementarily fitting on shaft 16 for a driving engagement. Clutch plate 22 has a 
circumferentially extending recess 80. Clutch plate 22 has a series of teeth 8 1 

25 extending about the periphery thereof. 

Input gear 24 has an inner hub 82, an outer hub 84 and a web 86. Inner hub 82 
has a central bore allowing the input gear 24 to be slidingly mounted on shaft 16. Input 
gear 24 slides axially between an engaed position and a disengaged position and is able 
to rotate relative to the shaft 16 when in the disengaged position, The outer surface of 

30 inner hub 82 is tapered to complementarily fit with tapered bore 76 of armature plate 
20. The outer hub 84 is sized to nestingly receive clutch plate 22. Web 86 has a ring of 
teeth 90 that is positioned to engage with teeth 8 1 of clutch plate 22. 



3 
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Springs 88 and 89 are fined within recess 80 of clutch plate 22 and acts against 
the web 86 of input gear 24. Spring 88 and 89 biases input gear 24 axially away from 
and out of engagement with clutch plate 22 to the disengaged position. 

Preferably, spring 88 is a wave-type spring and spring 89 is a coil type. Spring 
5 89 has a smaller diameter than spring 88. Spring 88 has an axial thickness of less than 
the disengaged gap distance between the coil assembly 18 and the armature plate 20. 
Preferably, the disengaged gap distance is about 1.1 mm. In this manner, spring 88 
does not act when the input gear 24 is in a free wheeling condition and not engaging the 
clutch plate 22. Spring 89 is a relatively weaker spring than spring 88. 
10 Referring to Figure 2, the combined forces generated by the springs 88 and 89 

provide a relatively strong separation force when the gap distance is small, Le. in the 
engaged distance. The separation force of the springs 88, 89 diminishes as the gap 
distance increases from the engaged distance to the disengaged distance. The spring 
forces of spring 88 and 89 must always be less than the attractive forces generated by* 
1 5 coil assembly 1 8 but must be greater than the hysterisis of the coil assembly 1 8 once 
the coil assembly has been de-energized. The combined spring forces must overcome 
the hysteresis to separate the coil assembly 1 8 from the armature plate 20 and thereby 
disengage the input gear 24 from the clutch plate 22. 

In the preferred embodiment, two springs 88, 89 have been shown. However, 
20 it is possible to replace the springs 88, 89 with a single variable rate spring. 

Preferably, all of the internal components of the clutch assembly 10 may be 
manufactured from low carbon steel rather than sintered iron as is common in the prior 
art. The nature of the design of the present invention enables the use of low carbon 
steel or high performance magnetic sintered metal having relatively low mechanical 
25 properties , Prior art devices will generally compromise between magnetic and 
mechanical properties. 

Optionally, the teeth 81 and 90 may be manufactured from a reinforced 
NYLON material having a tooth geometry of up to 27° as compared with 22.5 0 as is 
common in the prior art, The increased tooth angle improves disengagement of the 
30 teeth 81,90 when under load. 

Bronze may be utilized as a bearing material, and the bearing diameter can be 
reduced as compared with prior art devices. The result of being able to use bronze and 

4 
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smaller bearing diameters is that the dutch assembly 10 will have reduced torque losses 
due to friction. 

After energizing the coil assembly 1 8, set screw 48 is rotated to move the 
clutch plate 22 along the shaft 1 6, until the clutch plate 22 meshes with the input gear 

5 24. In this manner, full engagement between teeth 81, 90 can be assured. 

In operation, the coil of coil assembly 1 8 is energized creating a magnetic flux 
field. The magnetic flux will extend through to the armature plate 20/in particular 
through to the inner and outer flanges 72, 74. The magnetic flux is sufficient to move 
the coil assembly 1 8 to abut the armature plate 20 in a metal to metal contact The 

10 axial movement of the coil assembly 1 8 pushes against the innor hub 82 of the input 
gear 24, moving the input gear 24 from the disengaged position to the engaged position- 
In the engaged position, input gear 24 engages the clutch plate 22 for coupled 
movement therewith. The magnetic forces generated by the coil assembly 1 8 is 
sufficient to overcome the bias of springs 88 and 89 so that the opposing teeth 81 and 

j 5 90 engage to couple the input gear 24 with the clutch plate 22. Upon de-energizing the 
coil of coil assembly 18, the bias of springs 88 and 89 urges the input gear 24 away 
from the clutch plate 22, from the engaged to the disengaged positions, de-coupling the 
armature plate 20 and clutch plate 22. 

The above-described embodiment of the invention is intended to be an example 

20 of the present invention and alterations and modifications may be effected thereto, by 
those of skill in the art, without departing from the scope of the invention. 



5 

PAGE 10/18 1 RCVD AT 7/26/2004 12:33:18 PM [Eastern Daylight Time] * SVRiUSPTO-EFXRM/2 * DNIS:8729306 * CSID:416 865 7380 * DURATION (mnKS):0442 



JUL-26-2004 12=43 



TORYS LLP TORONTO 



416 865 7380 P. 



WO 02/50445 PCT/CAO 1/01 808 

What is Claimed: 

1 . An electromagnetic clutch assembly comprising 
a housing, 

a shaft xotatably supported by the housing and having at least one end 
5 extending out of the housing, 

a clutch plate mounted on said shaft for rotation therewith, 
an armature plate mounted in said housing, 

a gear rotatable and slidably mounted on said shaft, said gear slides between an 
engaged and disengaged position, said gear in coupled engagement with said clutch 
10 plate when in said engaged position; 

a spring assembly extending between said clutch plate and said gear, said 
spring assembly biasing said gear to said disengaged position, out of engagement with 
said clutch plate, 

a coil assembly mounted on said shaft for sliding movement therealong 
15 towards and away from said armature plate, said coil assembly engaging said gear, 

whereby energizing said coil assembly, said coil assembly moves into engagement wixh 
said armature plate and responsively effects movement of said gear into said engaged 
position, coupling said gear and said clutch plate, and de-energizing said coil assembly 
responsively enables said spring assembly to effect movement of said gear to said 
20 disengaged position , de-coupling said gear from said clutch plate. 

2. An electromagnetic clutch assembly as claimed in claim 1, wherein said 
armature assembly has an aperture and said gear extends through said aperture and 
engages said coil assembly. 

25 

3. An electromagnetic clutch assembly as claimed in claim 2, wherein said 
armature plate has a flange configured to increase a pull force between said coil 
assembly and said armature plate. 

30 4. An electromagnetic clutch assembly as claimed in claim 2 wherein said 

armature has an inner and an outer flange spaced from an outer periphery of said coil 
assembly by a gap. 

6 
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5. An electromagnetic clutch assembly as claimed in claim 4 wherein said gap is 
in a range of 0.05 to 0.2 mm. 

6. An electromagnetic clutch assembly as claimed in claim 5 wherein said 

5 armature and said coil assembly are tapered maintaining a relatively constant magnetic 
flux density therein. 

7. An electromagnetic clutch assemhly as claimed in claims 1 or 6 wherein said 
housing has an axially extending set screw operatively engaging said clutch plate. 

10 

8. An electromagnetic clutch assembly as claimed in claim 7 wherein 
advancement of the set screw moves the clutch plate towards said armature plate. 

9. An electromagntic clutch assembly as claimed in claim 8 wherein said set 
15 screw is advanced until the clutch plate is spaced from said armature plate by a 

disengaged gap of about ] .1 mm. 

10. An electromagnetic clutch assembly as claimed in claims 1 or 9 wherein said 
spring assembly generates: 

20 a relatively strong force urging said input gear away from said clutch plate 

when the gear is in or near the the engaged position, and 

a relatively weak force when the gear is in the disengaged position. 

11. An electromagnetic clutch assembly as claimed in claim 10, wherein said 
25 spring assembly comprises a wave spring and a coil spring. 

12. An electromagnetic clutch assembly as claimed in claims 1 or 1 1 wherein said 
clutch plate has a set of teeth and said gear has a set of teeth complementary with said 
set of teeth of said clutch plate. 



30 



13. An electromagnetic clutch assembly as claimed in claim 12 wherein said sets 
of teeth has a tooth geometry of up to 27°. 
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14. An electromagnetic clutch assembly as claimed in claims 1 or 13, therein said 
coil assembly is restrained to move axially along said shaft. 



8 
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